Desrt is a mouse gene of the AT-rich interaction domain family of transcription factors. Here we describe the temporal and spatial pattern of expression of Desrt during mouse organogenesis. Desrt expression is ®rst detected in the intermediate plate mesoderm, providing an early embryonic marker for this tissue, and subsequently in the nephrogenic cords of the urogenital ridges. A highly dynamic expression pattern is observed in the developing limb, implicating Desrt in limb patterning. Desrt is also detected in the myotome of the somites, the oro-nasopharyngeal ectoderm and underlying mesenchyme, otic vesicles, the gut and its derivatives, and transiently in the liver. q
Results and discussion
The AT-rich interaction domain (ARID) de®nes a highly conserved sequence speci®c DNA binding domain (Gregory et al., 1996) . The ARID has been identi®ed in proteins of yeast (Swi1), Drosophila (Dri and Osa) and mammals (Desrt, Bright, Jumonji, RBP1, RBP2, SMCY, SMCX and Xe169) . Conservation of the ARID domain with the yeast Swi1 implies a function in chromatin remodeling. Furthermore, studies in Drosophila reveal that Dri (Shandala et al., 1999) and Eld/Osa (Treisman et al., 1997) are critical for development and are involved in cell proliferation and differentiation. Osa has been shown to genetically interact with the Brahma (BRM) chromatin remodeling complex and may be involved in targeting these complexes to speci®c genes (Vazquez et al., 1999) . Furthermore, null mutation of the jumonji gene is associated with abnormal heart formation and defective neural tube closure (Takeuchi et al., 1999) .
We previously identi®ed Desrt as a retinoic acid inducible gene that is highly expressed in the mouse blastocyst (Corrick et al., 1996) . Here we examine the expression pattern of Desrt in the mouse embryo using whole-mount RNA in situ hybridization, revealing a complex and dynamic pattern of expression.
At 7 d.p.c., Desrt is expressed in the trophoblast giant cells in the ectoplacental cone and in the extra embryonic tissues, but not in the embryonic tissues (Fig. 1A) . In the embryo, Desrt expression is ®rst detected at the early somite stage in the intermediate mesoderm (Fig. 1B, 8 d. p.c.) and the allantois (Fig. 1C) . Expression in the intermediate mesoderm is later restricted to the nephrogenic mesoderm (Fig.  1C,D) and subsequently to the mesonephric tubules of the urogenital ridge (Fig. 1E,F) .
A dynamic pattern of Desrt expression is observed in the developing limb buds as shown in Fig. 2 . Expression is ®rst detected in the surface ectoderm and in the proximal mesenchyme of the limb bud (Figs. 1D and 2A, 9 d.p.c.) and spreads to the rostral and caudal mesenchyme by 9.5 d.p.c. (Figs. 1E,F and 2B ). By 10.5 d.p.c., Desrt expression is regionalized to the rostral and caudal mesenchyme of the paddle-shaped limb bud in the prospective arm region, but is absent from the prospective hand plate and the limb bud surface ectoderm (Fig. 2C ). As the prospective digits are formed in the hand plate, Desrt is initially expressed broadly in the distal limb bud mesenchyme (Fig. 2D, 11 .5 d.p.c. and . The dynamic limb pattern is suggestive of a role for Desrt in limb patterning. Furthermore, the interdigital expression of Desrt overlaps in both a spatial and temporal manner with sites of active apoptosis in the developing limb, as well as with the expression of genes that are implicated in this process such as Msx1, Msx2 and Bmp7 (reviewed in Chen and Zhao, 1998) . However, the overlapping expression of Desrt with Msx1, Msx2 and Bmp7 does not extend beyond the inter-digital zone into the other limb bud expression domains described above.
In other embryonic tissues, Desrt expression is mainly transient and very localized. In the cranial region, Desrt is expressed in the epithelium of the otic vesicles (Figs. 1E and 3A) and endolymphatic diverticulum (Fig. 3A±C) and later in the auditory meatus. Desrt expression is also detected in the endoderm of the foregut portal (Fig. 1D ) and in the premigratory neural crest at the midbrain and upper hindbrain (Fig. 1B±D ). In addition, expression is detected in the ectoderm and the mesenchyme of the ®rst and second branchial arches (Figs. 1E and 3A) and the ectoderm covering the forebrain and face, as well as the underlying mesenchyme (Fig. 3B,C) . Desrt is expressed in the hypothalamus of the brain (data not shown), the olfactory placodes and later in the nasal pits (Fig. 3C,D) .
Desrt is expressed in the myotome of the somites from 9.5 d.p.c. (Figs. 1E and 3A±C ), as well as in a distinct caudal band corresponding to the anterior region of the segmenting somite (arrowheads, Fig. 1C,D) . Of note is that apart from expression in the truncus arteriosus (Figs. 1E and 2A) , Desrt is absent from the cardiac tissues.
In the embryonic gut, Desrt is expressed in the endoderm of the fore-gut (Fig. 1D ) and hind-gut (Fig. 1F) , liver diverticulum, and lung buds (Figs. 1E and 3A) . Expression remains high in the lining of the oral cavity, the esophagus, the trachea and thyroid primordium, the thymus and the lung buds (Figs. 1E and 3A , and data not shown) but is downregulated in the fetal liver at 11.5 d.p.c. (data not shown). At 13.5 d.p.c., Desrt is detected in the upper and lower eyelids, nasal pits and hair follicles of the vibrissae and trunk, and in the surface ectoderm and mesenchyme of the genital tubercle (Fig. 3D) .
The detailed timing of expression of Desrt in the embryonic tissues is summarized in Table 1 .
Desrt is an early embryonic marker for intermediate mesoderm and derivative nephrogenic tissues. In addition, Desrt has a broad, yet dynamic expression pattern, implicat- ing its involvement in organogenesis and patterning of the limbs. Further experiments will reveal how this novel member of the ARID family of DNA binding proteins functions in these tissues. We have generated targeted Desrt mutant mice and show that these mice are severely growth retarded with developmental abnormalities of the reproductive organs and adrenal gland (Lahoud et al., 2001) , consistent with its embryonic expression pattern. Transcriptional regulation and chromatin remodeling are critical during the rapid process of patterning and cell specialization that occurs during embryogenesis, implicating Desrt in these important developmental processes.
Materials and methods

In situ hybridization
We previously cloned and characterized the mouse Desrt gene (Lahoud et al., 2001 ), Accession No. AFI 69968. A fragment spanning nucleotide positions 1366±2470 was subcloned into pBluescript SK1 and used to generate Digoxigenin-labeled sense and antisense transcripts according to the manufacturer's instructions (Boehringer Mannheim/ Roche).
Embryos were recovered as described in Hogan et al. (1994) , ®xed in 4% paraformaldehyde in PBS for 24 h at 48C and dehydrated through a methanol series. Embryos were then bleached in 5% hydrogen peroxide in methanol until no background color remained. Whole-mount in situ hybridization was performed essentially as described in Wilkinson (1992) with the omission of mouse embryo powder from the protocol.
Histology
Embryos were dehydrated, mounted in polyester wax and 8 mm sections counter-stained with nuclear fast red. 
